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(54) LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent decomposition of an 
electrolyte and generation of gas from an electrode during charging 
and discharging by using a nitride, a carbide, a boride or a silicide of 
group IVA elements, group VA elements or 6A group VI elements as 
an electric conducting agent for the electrode. ? 
SOLUTION: Li2.6Co0.4N powder and TiB2 powder are mixed, and a 
toluene solution of styrene-butadine rubber is added to sufficiently 
knead the mixed powder. At this time, solid weight ratio of 
Li2.6Co0.4N, TiB2 and styrene- butadiene rubber is set 100:30:2. A 
prepared mixture is dried and then coarsely crushed into a powder 
state. This powder is pressure-molded to manufacture a disc-like 
electrode plate 14 mm in diameter. A positive electrode 3 is pressure- 
bonded to a positive electrode current collector 2 previously jointed to 
a case 1. A porous polyethylene sheet is installed as a separator 4, 
and a solution obtained by dissolving lithium phosphate hexafluoride at concentration of 1 mol in a 1:1 
mixed solvent of ethylene carbonate and diethyl carbonate is filled as an electrolyte in the case 1 . 
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CLAIMS 



[Claim(s)] 

[Claim 1] One electrode of the two electrodes of a plus terminal and the negative electrode or a plus 
terminal, and the negative electrodes is the lithium secondary battery which has the electrode which is the 
Plastic solid of a powdered electrode configuration material. It is the lithium secondary battery characterized 
by one electrode of the two electrodes of said plus terminal and the negative electrode or a plus terminal, 
and the negative electrodes containing non-oxide system conductivity ceramic powder. 
[Claim 2] It is the lithium secondary battery according to claim 1 characterized by non-oxide system 
conductivity Ceramics Sub-Division being the compound of a kind or two or more sorts of elements chosen 
from the inside of 4A group element, 5A group element, or 6A group element, and nitrogen or carbon. 
[Claim 3] It is the lithium secondary battery according to claim 2 characterized by non-oxide system 
conductivity Ceramics Sub-Division being a compound chosen from among TiC, ZrC, VC, NbC, TaC, WC, 
TiN, ZrN, VN, TaN, CrB, and MoB. 

[Claim 4] It is the lithium secondary battery according to claim 1 characterized by non-oxide system 
conductivity Ceramics Sub-Division being the compound of a kind or two or more sorts of elements chosen 
from the inside of 4A group element, 5A group element, or 6A group element, and boron or silicon. 
[Claim 5] Non-oxide system conductivity Ceramics Sub-Division is TiB2, ZrB2, NbB2, TaB2, TiSi2, ZrSi2, 
NbSi2, TaSi2, CrSi2, MoSi2, and WSi2. Lithium secondary battery according to claim 4 characterized by 
being the compound chosen from inside. 

[Claim 6] It is the lithium secondary battery according to claim 1 characterized by the thing for which non- 
oxide system conductivity Ceramics Sub-Division is chosen from among Mo2C, Cr2N, CrB, and MoB, and 
which are a kind or two or more sorts of compounds at least. 

[Claim 7] The lithium secondary battery according to claim 1 characterized by the negative electrode 
containing reversibly the powder of the material which can occlusion emit lithium other than non-oxide 
system conductivity Ceramics Sub-Division indicated in Claim 2 or any 1 clause of 6 according to 
electrochemical reactions other than a carbon material. 

DETAILED DESCRIPTION 



http://dossierHpdl.inpit.gojp^ 11/7/2007 



JP,2000-299 1 07, A [CLAIM + DETAILED DESCRIPTION] Page 2 of 9 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a lithium secondary battery. It is related with the electrode 

which consists of powdered material in more detail. 

[0002] 

[Description of the Prior Art] The demand of batteries is a very big thing as the power supply with 
development of portable devices, such as a personal computer and a cellular phone, in recent years. 
[0003] Lithium has a small atomic weight, and since ionization energy is a big element, the lithium cell can 
expect high energy density. Therefore, the requests of the lithium cell as a power supply for portable 
devices, especially the lithium secondary battery which can be charged are mounting, and research is done 
briskly in every direction. 

[0004] As an active material material of the positive/negative pole of such a lithium cell, the intercalation 
material (the reversible occlusion release reaction of lithium occurs with specific potential) which can 
occlusion emit lithium is used electrochemically. The lithium content multiple oxide expressed with U1-XA02 
(X in a formula expresses the real number shown in 0<=X<=1, and A expresses a kind or two or more sorts 
of transition metals chosen from among Mn, Co, and nickel) as positive active material is used widely now. 
Moreover, although many carbon materials are used as negative electrode active material Lithium, and the 
metallic materials and alloy material which can be alloyed including aluminum, gallium, indium, a woods 
alloy, etc., Sulfides including oxides including a tin content oxide, a titanium sulfide, and a molybdenum 
sulfide, nitrides including transition-metals substitution lithium nitride, and silicification - many material which 
can perform occlusion discharge of reversible lithium with low potential other than silicides including nickel 
and other carbon materials is proposed as a new high capacity compound material. 
[0005] And when producing an electrode using an above-mentioned positive-active-material material and 
negative-electrode-active-material material, the method of adding and fabricating a resin binder into a 
powdered material is common. However, by this method, under neither the influence of the resinous 
principle added as a binder, nor the influence [ in the powder particle surface ] of oxide film generation, since 
the contact resistance between the active material particles inside an electrode becomes large, the 
conductivity of an electrode becomes low and sufficient electrode performance can be obtained. However, 
when a carbon material is used, there are few above conductive falls. So, to use active material material 
other than a carbon material, in order to fully take current collection of the active material particle inside an 
electrode, it is necessary to add an electric conduction agent. Since the conductive fall inside an electrode 
influences the degradation of a battery greatly especially by the high-output battery demanded in recent 
years, addition of an electric conduction agent is indispensable. And under the present circumstances, 
generally, the carbon material is widely used as an electric conduction agent. 
[0006] 

[Problem to be solved by the invention] However, when a carbon material is used, disassembly of the 
electrolytic solution on the surface of a carbon material takes place as a side reaction at the time of charge 
and discharge, and, thereby, the generation of gas from an electrode happens. However, since 
characteristics deteriorate under the influence of moisture, the lithium secondary battery is sealed in the 
airtight high state, in order to prevent invasion of moisture from the outside. Therefore, when the generation 
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qf gas inside a battery happens, battery internal pressure rises, in connection with this, battery form may 
change or the problem of a safety valve operating may arise. 

[0007] This problem is a problem similarly generated about the case where the carbon material itself is used 

as negative electrode active material. 

[0008] 

[Means for solving problem] Suppose this invention that the nitride of 4A group element, 5A group element, 
or 6A group element, carbide, boride, and a silicide are used for an electric conduction agent as 
aforementioned The means for solving a technical problem. These compounds have high conductivity. As a 
typical example ** TiC, ZrC, VC, NbC, TaC, Mo2C, WC, TiN, ZrN, VN, TaN, Cr2N, TiB2, ZrB2, NbB2, TaB2, 
CrB, MoB, TiSi2, ZrSi2, NbSi2, TaSi2, and CrSi2, MoSi2 and WSi2 It is mentioned. By using these 
compounds, it becomes possible to constitute a lithium secondary battery without decomposition and the 
generation of gas of the electrolytic solution at the time of charge and discharge. 
[0009] 

[Mode for carrying out the invention] Although the purpose of this invention can be attained by having 
composition indicated to each claim, it is because the Reason is shown below. 

[0010] That is, in a Prior art, since the carbon material was used as an electric conduction agent or negative 
electrode active material, the functional group portion on the surface of a carbon material serves as an 
active spot of a reaction, disassembly of an electrolytic solution takes place, and gas occurs. It remains, 
although the functional group which the raw-material polymer had in a part for the terminal part of the 
graphite structure as basic structure although the carbon material was producible by using organic polymer 
material as materials with heat-treatment etc. is little. It is thought that this functional group portion and 
electrolytic solution are easy to react the causes, such as the generation of gas. It is LiCo02 in particular. 
Including, in the comparatively high potential field where insertion desorption of lithium to a lithium multiple 
oxide takes place, and the low voltage field near [ where insertion desorption of lithium to a carbon material 
takes place ] potential, the activity of this reaction becomes high. Therefore, when a carbon material is used 
as an electrode configuration material, disassembly of an electrolytic solution takes place on the carbon 
material surface during the time of performing charge and discharge, charge, and the long-term preservation 
by a discharge state, and gas occurs. 

[001 1] However, since it does not have the existing surface functional group of reactivity with an electrolytic 
solution like a carbon material when the compound chosen from the compound group indicated to each 
claim is used as an electric conduction agent, in which reaction potential field of a plus terminal and the 
negative electrode, problems, such as disassembly of an electrolytic solution and a development of gas, do 
not arise. 

[0012] In addition, each compound group indicated to each claim has the high electrical conductivity 
103ohm-1 and beyond cm-1, and is WC, ZrN, TiB2, ZrB2, TiSi2, and WSi2 especially. It has the conductivity 
exceeding 5x104ohm-1 and cm-1. moreover, [V / which all are compounds stable in crystal structure, and is 
a potential field in a nonaqueous electrolyte lithium secondary battery since chemical reactivity is also low / 
0 ] within the limits of about 5V When it adds as an electric conduction agent, the big electrochemical 
reaction of reaction quantity of electricity which bars the reaction of an active material hardly occurs, either. 
For example, TiN causes some electrochemical reaction, as shown in drawing 1 , but even if it adds the 
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reacting weight in an electrode small, the influence affect the electrode process of an active material is 
small. Therefore, said compound group is an effective material as an electric conduction agent. 
[0013] Having been shown above is useful to realize the form of the lithium secondary battery which attains 
the purpose of this invention. 

[0014] The form of the operation about this invention is hereafter explained in detail using a concrete work 
example. 

[0015] (Work example 1) In this example, it is LiCo02 as positive active material. Either of graphite or 
Li2.6Co0.4N is used as negative electrode active material, and it is TiB2 as an electric conduction agent. 
The case where it uses is mentioned as an example and explained. Acetylene black was used for the 
electric conduction agent as conventional technology. 

[0016] First, it is TiB2 as an electric conduction agent. The used plus terminal was produced with the means 
shown below. 

[0017] LiCo02 Powder and TiB2 Powder is mixed, polytetrafluoroethylene powder is added and it fully 
kneads. At this time, it is LiCo02. Powder and TiB2 It was made for the bulk density of powder and 
polytetrafluoroethylene to be set to 100:20:5. After rolling the produced mixture with the roller press machine 
and considering it as the shape of a sheet, it clipped 13mm in diameter in the shape of a disk, and the plate 
was produced. 

[0018] Next, the plus terminal using acetylene black powder as an electric conduction agent was produced 
with the means shown below. 

[0019] LiCo02 Powder and acetylene black powder are mixed, polytetrafluoroethylene powder is added, and 
it fully kneads. At this time, it is LiCo02. The bulk density of powder, acetylene black powder, and 
polytetrafluoroethylene was made to be set to 100:10:5. After rolling the produced mixture with the roller 
press machine and considering it as the shape of a sheet, it clipped 13mm in diameter in the shape of a 
disk, and the plate was produced. 

[0020] Moreover, it produced with the means shown below also about the negative electrode. 

[0021] First, it produced with the means shown below about the case where graphite is used as negative 

electrode active material. 

[0022] The toluene solution of styrene-butadiene rubber is added to graphite powder, and it fully kneads. 
The solid content bulk density of graphite powder and styrene-butadiene rubber was made to be set to 100:2 
at this time. After drying the produced mixture, coarse grinding was carried out and it was presupposed that 
it is powdered. Pressing of this powder was carried out and the disc-like plate 14mm in diameter was 
produced. 

[0023] Next, it produced with the means shown below about the case where acetylene black is used as an 
electric conduction agent, using Li2.6Co0.4N powder as negative electrode active material. 
[0024] Li2.6Co0.4N powder and acetylene black powder are mixed, the toluene solution of styrene- 
butadiene rubber is added, and it fully kneads. Li2.6Co0.4N, acetylene black, and the solid content bulk 
density of styrene-butadiene rubber were made to be set to 100:15:2 at this time. After drying the produced 
mixture, coarse grinding was carried out and it was presupposed that it is powdered. Pressing of this powder 
was carried out and the disc-like plate 14mm in diameter was produced. 

[0025] Furthermore, Li2.6Co0.4N powder is used as negative electrode active material, and it is TiB2 as an 
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electric conduction agent. It produced with the means shown below about the case where it uses. 
[0026] Li2.6Co0.4N powder and TiB2 Powder is mixed, the toluene solution of styrene-butadiene rubber is 
added, and it fully kneads. Li2.6Co0.4N, TiB2, and the solid content bulk density of styrene-butadiene rubber 
were made to be set to 100:30:2 at this time. After drying the produced mixture, coarse grinding was carried 
out and it was presupposed that it is powdered. Pressing of this powder was carried out and the disc-like 
plate 14mm in diameter was produced. 

[0027] The coin type cell of 2016 size (20mm in diameter and 1.6mm in thickness) was produced using the 
plate produced as mentioned above. Production of the battery was performed as follows. The sectional view 
of the coin battery produced to drawing 2 is shown. As a battery production procedure, the plus terminal 3 
was stuck to the positive electrode current collector 2 first joined to the case 1 beforehand by pressure. 
Then, the porosity polyethylene sheet as a separator 4 was installed, and it was filled up with the solution 
which dissolved 6 fluoridation phosphoric acid lithium in the mixed solvent of 1:1 of ethylene carbonate and 
diethyl carbonate by the concentration of 1mol as an electrolytic solution in the case 1. After piling up the 
obturation board 7 which stuck the negative electrode 6 to this case 1 by pressure beforehand through the 
negative electrode collector 5, it was placed between the periphery, caulking obturation of the obturation ring 
8 was carried out using the press obturation machine, and the coin type cell was produced. 
[0028] In addition, only the plate was taken out and used after performing delithiation processing for the plus 
terminal 3 which produced Li2.6Co0.4N beforehand when producing the battery using the negative electrode 
6 used as the active material electrochemically. This is the aforementioned lithium content compound nitride 
and LiCo02 as positive active material as negative electrode active material. When producing the combined 
battery, it is because it is necessary to carry out delithiation processing of a plus terminal 3 or the negative 
electrode 6 (conversion treatment) beforehand. In this example, electrochemical delithium processing 
(conversion treatment) was performed to positive active material. The chemical treatment method 
constitutes the electrochemical cell which used metal lithium for the counter electrode, and is current density 
0.5mA/cm2. It carried out by charging to the maximum voltage 4.2V by constant current. Therefore, unlike 
the discharge state at the time of using graphite for negative electrode active material, the initial state of the 
produced battery will be in a charge state. 

[0029] The battery produced as mentioned above was set to the battery A, B, and C shown in Table 1 with 
the combination of the plus terminal and the negative electrode which were used, respectively, D, E, and F. 
[0030] 
[Table 1] 
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[0031] It evaluated using the battery A, B, and C shown above, D, E, and F. The valuation method did the 
high temperature retention test for 85 degrees C and three days in the state of charge of 3 cycle eye after 
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the constant current charge and discharge in the current value of 0.5mA, and the voltage ranges 2.5V-4.1V, 
and measured change of the thickness of each battery. Thickness was measured immediately after battery 
production, after termination of 1 cycle, and before and after high temperature preservation. However, by the 
batteries A and B which used graphite for negative electrode active material, it started from electric 
discharge and the thickness after termination of 1 cycle measured the thickness after the next termination of 
charge at Battery C, D, and E and F which began from charge and used Li2.6Co0.4N for the thickness at the 
time of the next discharge end, and negative electrode active material. 

[0032] Although the thickness variation of each battery was shown in Table 2, when the battery was 
disassembled after termination of test, by the big battery of the increase in thickness, blow off of the gas by 
internal pressure rise was observed at the time of decomposition. However, about the emitted gas volume, 
since it was little, measurement is difficult and was not able to compare quantitatively. However, it is thought 
by not seeing the increase in large thickness in which battery, when the thickness of the content which 
consists of a plus terminal, the negative electrode, and a separator is measured that the increase in the 
thickness of a battery originates in the rise of battery internal pressure, and corresponds to the amount of 
generation of gas, and it is ****. In addition, measured value is a par value which produced and evaluated 
each 20 batteries at a time. 
[0033] 



[Table 2] 
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[0034] If change of the battery thickness after termination of 1 cycle is compared from Table 2, it is the 
largest by Battery A and Battery B, and the next serves as order of Battery C and Battery D. Moreover, by 
the thickness after high temperature preservation, Battery C is the largest and serves as order of Battery D, 
Battery A, Battery B, and Battery E. By the battery F which does not include a carbon material, change of 
thickness was hardly seen. 

[0035] When the early generation of gas is based on the carbon material of the negative electrode and 
especially acetylene black is used from the above result, it is thought that much gas has occurred. 
Moreover, the generation of gas at the time of high temperature preservation is considered to have 
generated mostly also from the carbon material included not only in the carbon material of the negative 
electrode but in a plus terminal, and its influence of acetylene black is great also in this case. It is thought 
that the generation of gas has hardly happened by the battery F which includes a carbon material in neither 
positive nor the negative electrode, and it is TiB2 to an electric conduction agent. It turns out that a big effect 
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is in control of the generation of gas by using. 

[0036] (Work example 2) in this example - as positive active material - LiCo02 Li2.6Co0.4N are used as 
negative electrode active material. As an electric conduction agent TiC, ZrC, VC, NbC, TaC, Mo2C, WC, 
TiN, ZrN, VN, TaN, Cr2N, ZrB2, NbB2, TaB2, CrB, MoB, TiSi2, ZrSi2, NbSi2, TaSi2, CrSi2, MoSi2, and 
WSi2 The case where it uses is explained. 

[0037] Production of a plus terminal and the negative electrode and production of a coin battery are LiCo02 
as positive active material in a work example 1 except having used said compound as an electric conduction 
agent. It produced with the same means as the case where Li2.6Co0.4N are used as negative electrode 
active material. 

[0038] Next, it evaluated using the produced battery. It carried out with the means same also about a 

valuation method as a work example 1. The thickness variation of each battery produced to Table 3 is 

shown. 

[0039] 

Table 3] 
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[0040] As shown in Table 3, any battery of this example was after termination of 1 cycle, and was after 
+0.04mm or less and high temperature preservation, and its thickness variation was +0.05mm or less. This 
value is TiB2 as an electric conduction agent of a work example 1. It is almost equivalent to the case where 
it uses. Moreover, when the battery was disassembled after termination of test, the steep increase in the 
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thickness of the content which consists of a plus terminal, the negative electrode, and a separator was not 
seen. Therefore, even when which compound shown in Table 3 is used as an electric conduction agent, it 
turns out that the same effect is acquired. 

[0041] As mentioned above, at this example, it is LiCo02 as positive active material. Although used, the 
generation of gas from the carbon material as an electric conduction agent is not based on the kind of 
positive active material, but it depends for it on the potential. For example, LiCo02, LiNi02, LiCo1-XNiX02 
(X= 0.8), as a typical example of a lithium content multiple oxide expressed with LM-XA02 (X in a formula 
expresses a kind or two or more sorts of transition metals with which 0<=X<=1 and A are chosen from Mn, 
Co, and nickel) to drawing 3 , Although the electrode characteristic of LiMn204 (Li0.5MnO2) is shown The 
reaction potential as an electrode of all is LiCo02. Since it is the potential of the 3V - 4V equivalent 
neighborhood, the same effect as generation-of-gas control by using the nitride, the carbide, boride, or the 
silicide of 4A group element, 5A group element, or 6A group element as an electric conduction agent is 
acquired. Therefore, the same effect can be acquired when all the active material material which can be 
used as positive active material for lithium secondary batteries which has the reaction potential of the lithium 
insertion desorption beyond 3V of those other than the aforementioned typical lithium content multiple oxide 
is used. 

[0042] Moreover, since it depends for the generation of gas on potential like [ negative electrode active 
material ] the case of a plus terminal It is U3-YBYN ([ the real number shown in 0.1<=Y<=0.8 / express and ] 
the inside Y of a formula) to drawing 4 . a kind or two or more sorts of transition elements with which B is 
chosen from Co, nickel, and Cu - expressing - although the electrode characteristic of U2.6CoO.4N, 
Li2.6nickel0.4N, and Li2.6Cu0.4N is shown as a typical example of lithium content compound nitride 
expressed Since all are the reaction potential not more than 1.5V, the same effect is acquired. Although said 
lithium content compound nitride is a material which has potential comparatively high as negative electrode 
active material Lithium, and the metallic materials and alloy material which can be alloyed including 
aluminum, gallium, indium, a woods alloy, etc. which the effect of this invention is fully acquired and have 
the reaction potential of the lithium insertion desorption not more than 1 .5V of those other than this, Sulfides 
including oxides including a tin content oxide, a titanium sulfide, and a molybdenum sulfide, nitrides 
including transition-metals substitution lithium nitride, or silicification when all the active material material 
which can be used as silicides including nickel and other negative electrode active material for lithium 
secondary batteries is used, of course, the same effect can be acquired 

[0043] Moreover, although acetylene black as an electric conduction agent of the conventional technology 
was used, the same effect is acquired also when carbon materials other than acetylene black are used. 
[0044] Moreover, although the case where the electrolyte which dissolved 6 fluoridation phosphoric acid 
lithium in the mixed solvent of ethylene carbonate and diethyl carbonate as an electrolytic solution was used 
in the work example of this invention was explained [ not the thing limited to this but the electrolyte salt used 
for lithium secondary batteries including lithium perchlorate, 4 fluoridation lithium borate, 6 fluoridation 
phosphoric acid lithium, and trifluoro methansulfonic acid lithium as electrolyte salt ] As a solvent Ethylene 
carbonate, diethyl carbonate, independent in the aprotic solvent used for lithium secondary batteries 
including propylene carbonate, dimethoxyethane, gamma butyrolactone, dioxolane, tetrahydrofuran, methyl 
tetrahydrofuran, dimethyl sulfoxide, etc. - or even if it mixes and uses There is same effect. 
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[0045] Furthermore, in the battery of not only a coin type but a cylindrical and a square shape, an effect is 
similarly acquired also about the form of a battery. 
[0046] 

[Effect of the Invention] In the lithium secondary battery which is the electrode which bound electrode 
configuration material with powdered electrode of both a plus terminal and the negative electrode or 
electrode of the either a plus terminal or the negative electrodes by the binder, and fabricated it By using 
non-oxide system conductivity ceramic powder as an electric conduction agent, the lithium secondary 
battery which does not have the generation of gas from a plate at the time of charge and discharge and 
long-term preservation can be obtained. 

[Translation done.] 
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